Inflammation in the eye arising from various factors -including allergy, infection, injury and surgery -can have serious consequences, and can continue long after the cause is removed, resulting in permanently damaged vision. The treatment of ophthalmic inflammation after surgery has traditionally consisted of topical corticosteroids, but adverse events such as delayed healing, rise in intraocular pressure and increased susceptibility to microbial infections have driven the search for alternative treatments. Non-steroidal anti-inflammatory drugs (NSAIDs) have been used as alternatives to steroid treatments but also have limitations and cause adverse events. Bromfenac has emerged as a potent and safe treatment for inflammation after cataract surgery. Its unique chemical structure makes it a highly lipophilic molecule that penetrates all major ocular tissues in a rapid and sustained manner. It is also a potent inhibitor of the enzyme cyclo-oxygenase-2, which is believed to be the primary mediator of ocular inflammation. These properties permit less frequent dosing (twice-daily [BID]) and greater patient tolerability. A body of efficacy and safety data support use of bromfenac in this indication and it compares favourably with other NSAIDs and steroids in limiting post-operative inflammation. NSAIDs and corticosteroids have different, potentially synergistic effects. However, benefits specific to NSAIDs include lowering prostaglandin E-induced intraocular pressure elevation, no increased risk of secondary infections and stabilisation of the blood-aqueous barrier. With increasing demand for ophthalmic surgery, bromfenac and other treatments are likely to be important components in the treatment of inflammatory conditions after cataract surgery, decreasing pain and contributing to favourable visual outcomes.
Nepafenac is an inactive precursor of amfenac, which can penetrate the corneal epithelium. Nepafenac must then be converted to the active amfenac within the eye before it can have any anti-inflammatory effect. 25 However, there is evidence that a substantial proportion of nepafenac is not converted to amfenac within the eye, leading to reduced PG inhibition. 26 Bromfenac is structurally identical to amfenac, with the key exception of a bromine atom at the fourth carbon atom of the phenyl ring. 27 The addition of the bromine atom imparts important characteristics to the bromfenac molecule that distinguish it from other NSAIDs. 28 First, bromine enhances the lipophilicity of the molecule and facilitates its penetration through the cell membrane of various tissues, including ocular tissues. Second, bromination at the fourth position of the phenyl ring increases the duration of analgesic and anti-inflammatory activity. 1 
Penetration of Ocular Tissues
The unique bromination of amfenac can increase lipophilicity, resulting in enhanced penetration of bromfenac through the cornea and other ocular tissues. Baklayan et al. presented data from two separate but similar studies in which bromfenac and nepafenac were administered at three times the commercial dose in an animal model. 24 Bromfenac achieved measurable levels in all major ocular tissues that were detectable at 24 hours, but no significant levels of nepafenac/amfenac were detected in the aqueous humour and choroid after 12 hours and in the retina after six hours (see Figure 3 ).
In the same report, Baklayan et al. presented data from a similar study in which bromfenac was instilled at normal commercial strength, with similar results; peak concentrations of bromfenac were observed at or before two hours, with measurable levels in all major ophthalmic tissues over 24 hours.
Sustained Therapeutic Activity
In humans, absorption of bromfenac occurs within 15 minutes, with peak aqueous humour concentration at 150-180 minutes (see Figure 4) . 24, 29 These early peak concentrations in aqueous humour remain above the concentration required to inhibit COX-2 by 50%
(IC 50 ) for more than 12 hours, suggesting that BID dosing is sufficient to maintain anti-inflammatory activity.
Cyclo-oxygenase Inhibition
NSAIDs vary in their relative potency against COX-1 and COX-2. In the post-cataract surgery setting, COX-2-specific activity is important because it is this form of the enzyme that is believed to be the primary mediator of ocular inflammation. 1 Although the exact plasma concentration of bromfenac following ocular administration is unknown, the relative potency is assessed by determining the concentration of drug required to inhibit COX enzyme activity by 50% Table 2 ). 33 It should be noted that the study designs and technologies used in in vitro studies differ, making interpretation of the clinical impact difficult.
However, these studies have invariably shown that the inhibition of PG synthesis with bromfenac -and hence in vitro potency, as measured by its high COX-1/COX-2 IC 50 ratio -was preferentially through COX-2 inhibition, resulting in greater inhibitory effect than most other available NSAIDs; 1, 10, 15, 29 therefore, bromfenac is a unique and highly potent NSAID.
Clinical Efficacy
Two phase III, double-masked, placebo-controlled clinical trials were performed in the US to evaluate the efficacy, safety and tolerability of bromfenac ophthalmic 1mg/ml eye drop solution in treating post-operative inflammation and pain after cataract surgery. The subjects were randomly assigned to either bromfenac twice daily for 
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The phase III placebo-controlled clinical trials employed stringent entry criteria, including no pre-dosing or concomitant steroids. Furthermore, all of the patients had moderate to severe ocular inflammation (mean baseline SOIS of 3.7) after cataract surgery. 34 Miyanaga et al. prospectively randomised 72 patients who underwent cataract surgery to treatment with one of three regimens: 0.1% bromfenac, 0.1% betamethasone for one month and then fluorometholone for one month, or both agents. The patients were followed throughout the first two post-operative months. The group found no significant difference in best corrected visual acuity, IOP, aqueous flare or corneal thickness, showing that bromfenac was as effective as the steroid regimen after cataract surgery. 35 Another multicentre, open-label, clinical study divided 111 subjects into two treatment groups, each of which received two drops of bromfenac or diclofenac pre-operatively and then bromfenac twice-daily or diclofenac three times daily with concomitant ophthalmic steroid and anti-infective for four weeks, beginning the day after surgery. Anterior chamber cells and flare and corneal epithelial disorder in the two groups showed no statistically significant difference after day 7.
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Adverse Event Profile
In the safety evaluation in the two phase III clinical trials described above, bromfenac treatment was not associated with treatment-related systemic adverse effects. Overall, the incidence of adverse events was lower in the bromfenac treatment group than in the placebo group (33.7 versus 47.4%; p=0.0027). Iritis (7.0 versus 18.1%; p=0.0001) and eye pain (4.2 versus 11.7%) -among the most common ocular adverse events -were half as frequent with bromfenac as with placebo. 29, 34 In separate pooled phase III data from the US and Japan (n=973), bromfenac was generally well tolerated, with only 3.4% of patients experiencing one or more adverse events. 37 It should be noted that more than 20 million patients have been treated with bromfenac worldwide over the past nine years, which
New Look at Ocular Inflammation Control A further convenience factor for bromfenac in comparison with other NSAIDs is that bromfenac ophthalmic solution does not require shaking before administration. Also, less frequent dosing means reduced exposure to the preservative benzalkonium chloride. 34 Higher levels of benzalkonium chloride have been associated with corneal epithelial dysfunction. 42 However, the level of benzalkonium chloride in bromfenac is 0.005%, which is as low as or lower than that in any commercially available preserved NSAID.
Cystoid Macular Oedema
CME is a painless disorder that affects the central retina or macula.
Since its first recognition and description in 1974, 43 CME has been recognised as the most common cause of decreased vision post-operatively in uneventful cataract surgery. 44 CME is caused by cystic accumulation of intra-retinal fluid in the outer plexiform and inner nuclear layers of the retina, as a result of the breakdown of the blood-retinal barrier (see Figure 6 ). 45 CME can be a serious consequence of numerous ocular procedures and conditions, including cataract surgery, ocular inflammatory disease, retinal vascular diseases and tractional disorders (see Table 3 ). 46 It is not a disease itself; rather, it is the end-point of a variety of processes that lead to the accumulation of fluid in the central retina. 47 Clinical CME has historically been defined as a reduction in vision to 20/40 or less that is attributable to ophthalmoscopically or angiographically visible CME. 48 It can present with symptoms of blurred or decreased central vision, and painless retinal inflammation or swelling. In post-operative CME, vision loss is usually temporary, with infrequent incidences of permanent visual loss. 18 CME is often asymptomatic and may only be detected with optical coherence tomography (OCT) (see Figure 6 ) or fluorescein angiography (see Figure 7) . 49 Studies suggest that the rate of clinical CME is in the range of 1-2%, 50 whereas the incidence of angiographic CME may be as high as 9-19%. 51, 52 OCT is another technology that can be used to evaluate macular thickness. It is more sensitive than other techniques and can detect even modest changes in retinal thickness. Reported CME incidence rates with OCT include 4-10.9% (at four weeks after cataract surgery) and as high as 41%, although OCT-based definitions of CME differed in these studies. 53, 54 Post-operative increase in retinal thickness correlates with a decline in post-operative contrast sensitivity. It is believed that patients with even a subtle 10 micron change in retinal thickness (not frank CME)
can experience changes in contrast sensitivity and might have an effect of visual acuity. NSAIDs may therefore be beneficial in reducing the risk of post-operative retinal thickening and of often subtle loss of contrast sensitivity. 55 There are no properly designed clinical trials of corticosteroids in the prevention and treatment of CME. 54 Although very few ocular
NSAIDs have been approved for the prevention and treatment of CME, topical NSAIDs have increasingly been used over the past two decades. NSAIDs, specifically indomethacin, first demonstrated efficacy for the prevention of pseudophakic CME in 1977, 57 and
another recent study has also demonstrated that indomethacin is an effective drug for preventing and treating pseudophakic CME.
Pre-dosing lowered the CME risk, and longer post-operative treatment up to four to six weeks also lowered the risk, particularly in inflammation-prone patients. 58 However, it was not until much later that ketorolac 0.5% and diclofenac 0.1% proved effective in treating this condition. Ketorolac 0.5% was efficacious in decreasing post-operative macular oedema when used prophylactically after cataract surgery, 59 while diclofenac 0.1% was more effective than betamethasone in preventing angiographic CME and blood-aqueous barrier disruption after small-incision cataract surgery. 60 While no randomised trials have yet been conducted to test the ability of the two new-generation topical NSAIDs -nepafenac and bromfenac -in treating CME, numerous reports suggest that these agents also have activity against this condition. 61 A study by Wolf et al. compared the incidence of visually significant pseudophakic macular oedema after uneventful phacoemulsification in patients treated post-operatively with topical prednisolone and those treated with topical prednisolone and nepafenac 0.1% suspension. They found that those treated with topical prednisolone alone had a significantly higher incidence of visually significant pseudophakic macular oedema. 22 Wittpenn et al. also corroborated the synergistic effect of prednisolone and NSAIDs, showing that adding perioperative ketorolac 0.4% to post-operative prednisolone significantly reduced the incidence of CME and macular thickening in cataract surgery patients already at low risk for this condition. 55 In that study, there was no statistically significant difference in contrast sensitivity between the two treatment groups. However, a subanalysis detected a statistically significant relationship between greater retinal thickening and decreased contrast sensitivity that warrants further study. If increasing retinal thickness leads to a decrease in contrast sensitivity, then it is possible that sublinical CME -or any other condition that leads to increased retinal thickness -may reduce quality of vision, even if it does not have a discernible effect on visual acuity.
Bromfenac has also shown some potential to reduce the risk of CME, with a reported 70% lower incidence of CME compared with placebo (1.4% in the bromfenac group versus 4.7% in the placebo group). 34 Less retinal thickening at four and six weeks has also been shown in another study, which compared bromfenac sodium ophthalmic solution versus a steroidal solution after cataract surgery in patients with non-proliferative diabetic retinopathy. 62 Rho et al. compared bromfenac ophthalmic 1mg/ml eye drop solution with diclofenac 0.1% and ketorolac 0.5% for the treatment of acute pseudophakic CME.
Sixty-four eyes with documented CME after uncomplicated cataract surgery were randomised to receive bromfenac twice-daily, diclofenac four times daily, or ketorolac four times daily for three months. After the treatment period, all three treatment groups achieved statistically significant visual improvement, evaluated by the Early treatment diabetic retinopathy study letter gained over baseline. Although the difference between the groups were not significant, there was a trend towards greater improvement for the bromfenac group. 63 Rho et al.
concluded that twice-daily bromfenac was as effective as diclofenac 0.1% or ketorolac 0.5% dosed four times daily.
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Conclusion
In an ageing population, ophthalmic surgery is likely to become more common. However, cataract surgery is not without risks, and inflammatory complications -as a result of PG production -can diminish visual outcome and increase costs. Therefore, the need for anti-inflammatory treatments will only increase.
Corticosteroids have been the standard treatment for ocular inflammation, 1 but NSAIDs are increasingly favoured because their side effects are generally less serious or frequent than those of corticosteroids. 1 The clinical effectiveness of NSAIDs in the treatment of CME remains to be completely elucidated. NSAIDs offer similar anti-inflammatory efficacy to corticosteroids and may reduce the risk of CME, 1, 36 especially when the two classes are used in combination. 17 Most studies on CME compared a combination of NSAID plus steroid versus a steroid alone, and showed a lower incidence of CME with the combination therapy. 
